HIV-infected subjects are highly susceptible to pneumococcal infection [1, 2] , and the United States Public Health Service recommends that all HIV-infected per-
sons be immunized with the 23-valent pneumococcal polysaccharide vaccine (PV) [3] . Because of the lack of data on the efficacy of pneumococcal vaccination for HIV-infected persons from prospective studies in developed countries, recommendations are based on the surrogate marker of antibody responses and on expert opinion.
Initial studies that evaluated antibody responses to pneumococcal antigens among HIV-infected persons were conducted when HAART was not yet available [4] [5] [6] [7] [8] [9] . HIV-infected patients with a CD4 cell count of !500 cells/mm 3 were found to have an impaired IgG response to pneumococcal antigens [7, 10] . This defect in humoral immunity deficiency was not overcome by revaccination with a double dose of PV [11] or by vaccination with 1 or 2 doses of protein-conjugate pneumococcal vaccine [10, 12] .
Immune reconstitution after initiation of HAART reduces the incidence of opportunistic infections [13] and results in improved in vitro and in vivo responses to protein antigens [14, 15] . Whether HAART-mediated CD4 cell reconstitution also improves the antibody response to T cell-independent antigens, such as pneumococcal polysaccharides, is not known. Retrospective studies have shown a decreased incidence of bacterial pneumonia [16] , recurrent pneumonia [13] , and communityacquired bacteremia [17] associated with the use of HAART. One potential explanation for these observations would be the improved immunogenicity to pneumococcal polysaccharides among patients receiving current combination treatments.
Few studies have examined antibody responses to pneumococcal capsular polysaccharides (CPSs) among patients receiving HAART [18] [19] [20] . Moreover, antibody responses to specific CPSs have not been studied among HIV-infected patients receiving long-term HAART. The objective of this study was to evaluate specific IgG responses to vaccination or revaccination with PV in HIV-infected subjects receiving long-term HAART. [3] were enrolled from the outpatient clinics of the 3 participating health care centers (Houston Veterans Affairs Medical Center, Bronx Veterans Affairs Medical Center [New York], and Bassett HealthCare [Cooperstown, NY] ). Patients needed to be 18-65 years of age, in stable clinical condition (i.e., no intercurrent illness in the prior 2 weeks), and receiving long-term HAART, defined as у6 months of a regimen that included a protease inhibitor (PI) or a nonnucleoside reverse-transcriptase inhibitor (NNRTI) and 2 nucleoside reverse-transcriptase inhibitors (NRTI), or as any combination that included у1 PI, a NNRTI, and/or у1 NRTI.
METHODS

Patients. HIV-infected patients with indications to receive PV
Eighty-seven patients who were receiving long-term HAART were enrolled. Forty-six of the patients were receiving PV for the first time (the HAART first PV group), and 41 were revaccinated (the HAART re-PV group); the latter patients had received PV before the initiation of HAART and у5 years before the current vaccination. The control subjects were 38 HIV-infected patients who had never received HAART and who were receiving PV for the first time (the no-HAART group); 30 of these patients had participated in studies of PV before 1997, and serum samples had been stored at Ϫ80ЊC for the purpose of determination of antibody levels. Data on HIV-1 load were not available for those 30 patients. All patients had blood samples obtained immediately before and 4-12 weeks after vaccination. Informed consent was obtained from all subjects in this study.
Specific anticapsular antibody determination. ELISA [21] was used to measure the levels of specific anticapsular IgG to pneumococcal serotypes 3, 4, 6B, 8, 19F , and 23F in pre-and postvaccination serum samples. All serum samples were adsorbed with cell-wall polysaccharide (Statens Seruminstitut) to remove cross-reactive antipneumococcal antibodies. Every plate included paired pre-and postvaccination samples, positive laboratory reference standard serum with a known concentration of IgG to a specific CPS (based on the common reference serum 89-SF), and negative laboratory reference serum that contained no IgG to the individual polysaccharide being studied. Data are presented as micrograms of IgG per milliliter. ELISA readings for laboratory negatives were !0.5 mg/mL, and, therefore, such values are recorded as negative. Any reading of у0.5 mg/ mL was considered to be a positive IgG result. For the purposes of statistical analysis, values of !0.5 mg/mL were recorded as 0.25. For individual CPSs, a 2-fold response was defined as a 2-fold postvaccination increase over prevaccination IgG levels. For those patients with a negative baseline ELISA reading (!0.5 mg/mL), a postvaccination level of у1 mg/mL was considered to be a 2-fold response.
Statistical analysis. Groups were categorized on the basis of treatment and vaccination status (no-HAART, HAART first PV, and HAART re-PV groups). The main outcome examined was the pre-to postvaccination increase in IgG levels. For analysis, IgG levels were log e -transformed. The variable used for sample size calculations was defined as the difference between the pre-and postvaccination average natural logarithms of the 6 serotypes. . Sample size calculations were based on the latter, because 0.405 that is the way the data were to be analyzed. Calculations were based on a 2-tailed, 2-sample Student's t test with a of 0.05. The SD for each group was assumed to be 0.6 on the basis of previous data. The hypothesized difference between groups was 0.405, and the power requirement was set to 80%. With these parameter values, the required sample size in each group was 38 subjects.
Other outcomes examined were the number of serotypes to which patients had 2-fold responses (as defined above) and the pre-to postvaccination increase in the proportions of patients with positive IgG levels (as defined above). For some analyses, patients were stratified on the basis of CD4 cell count (!200 vs. у200 cells/mm 3 ) at the time of the most recent vaccination. Comparisons between pre-and postvaccination antibody levels were done using paired Student's t test. Proportions were compared using Fisher's exact test. Comparisons of continuous dependent variables among 12 groups were done using analysis of variance. Bonferroni's correction was applied whenever pairwise comparisons were made among 3 groups. The KruskalWallis test was used for comparisons among ordinal dependent variables. Correlation coefficients were calculated for postvac- cination IgG levels with each of the following variables: CD4 cell count at the time of current vaccination, CD4 cell count at the time of initial vaccination (for revaccinated patients for whom this value was available), nadir CD4 cell count, virus load at the time of current vaccination (for HAART recipients only), time from initiation of antiretroviral treatment to vaccination, time from initiation of antiretroviral treatment to revaccination, and time between first and second vaccination. Correlations with a chosen parameter were considered to be consistent if they were present for у3 of the 6 pneumococcal CPSs tested. Correlation coefficients were calculated for each of the 3 groups and for all groups combined. SAS software (SAS Institute) was used for all statistical analysis.
RESULTS
Vaccination groups.
A total of 125 HIV antibody-positive patients were included in the study; 87 were receiving HAART, and 38 were not. Forty-one of the patients receiving HAART underwent revaccination. The patients' demographic and clinical data are presented in tables 1 and 2. HAART recipients were older, and the HAART first PV group included a higher proportion of African American patients ( ). Revaccin-P ! .05 ated patients had received HAART for a longer period of time than their first-vaccination counterparts ( ). A higher P ! .05 proportion of patients in the no-HAART group had a CD4 cell count of !200 cells/mm 3 (a nonsignificant difference, compared with the other 2 groups), but the HAART groups had nadir CD4 cell counts that were significantly lower than were those for the patients who never received HAART ( ). For some P ! .05 analyses, patients were further stratified on the basis of their current CD4 cell count (!200 vs. у200 cells/mm 3 ; table 2). Among those with CD4 cell counts of у200 cells/mm 3 , the patients receiving HAART were different from their counterparts who did not receive HAART: the nadir CD4 cell counts were significantly lower ( ), whereas the CD4 cell counts P ! .05 at the time of vaccination were similar, denoting moreadvanced past immunosuppression and CD4 cell reconstitution with receipt of treatment. Most patients (55%-57%) receiving HAART with CD4 cell counts of у200 cells/mm 3 had a virus load of !400 RNA copies/mL at the time of vaccination, whereas the proportion was much lower for those with CD4 cell counts of !200 cells/mm 3 (25%). Postvaccination CD4 cell counts and virus loads did not differ from prevaccination values (data not shown). No clinical events were associated with first receipt of PV or revaccination.
Antibody levels. Pre-and postvaccination IgG levels to individual pneumococcal CPSs were similar among all 3 groups for all serotypes except for CPS 3 (table 3) . The preto postvaccination increase in IgG levels to individual serotypes was significant for all serotypes within each group ( ) and was not different among the 3 groups. A sig-P ! .01 nificantly better response was observed between the no-HAART first PV and HAART re-PV groups when the mean increase for all CPSs tested was compared ( ). Analysis P ! .05 performed after stratification by CD4 cell count (figure 1) showed significant increases in IgG levels for all 6 serotypes for all groups with CD4 cell counts of у200 cells/mm 3 and for patients in the no-HAART group with CD4 cell counts of !200 cells/mm 3 . However, the increase was not significant for 2 serotypes (CPS 4 and 6B) in the HAART first PV group and for 3 serotypes (CPS 4, 6B, and 23F) in the HAART re-PV group among those with CD4 cell counts of !200 cells/ mm 3 . Among patients with a CD4 cell count of !200 cells/ mm 3 , patients in the HAART re-PV group had higher prevaccination levels to 4 serotypes than did those in the HAART first PV group (CPS 3, 4, 8, and 19F;  ), and P ! .05 they had higher prevaccination levels to 1 serotype than did patients in the no-HAART group (CPS 4;
). Among P ! .05 patients with CD4 cell counts of у200 cells/mm 3 , there were no observed differences in the pre-or postvaccination IgG levels.
Two-fold responses. Patients were classified on the basis of the number of CPSs to which they had a 2-fold response (table 4) . Significantly more responses were noted for the no-HAART group than for the combined HAART groups (P ! ). The same analysis was applied for patients stratified by .05 CD4 cell count; when results for all patients were pooled, significantly more responses were observed for patients with CD4 cell counts of у200 cells/mm 3 than for those with counts of
Proportion of patients with pre-and postvaccination positive IgG levels. The proportion of patients with postvaccination IgG levels of у0.5 mg/mL was significantly higher than the proportion of patients with these levels before vaccination for all CPSs tested for all groups of patients with CD4 cell counts of у200 cells/mm 3 ( figure 2 ). Among patients with CD4 cell counts of !200 cells/mm 3 , the increase was significant for 4 serotypes each in the no-HAART group and the HAART first PV group but for no serotypes in the HAART re-PV group. Because of its small size ( ), conclusions derived from n p 12 this latter group's results need to be taken with caution. When averaging the results for all serotypes, the mean postvaccination increase in the proportion of positive IgG levels was somewhat higher for the no-HAART and HAART first PV groups than for the HAART re-PV group (24.8%, 26.9%, and 17.6%, re- 
DISCUSSION
Current guidelines recommend prompt vaccination with PV for all patients as soon as HIV infection is diagnosed [1] . In addition, guidelines recommend consideration of revaccination 5 years after initial vaccination, and they recommend consideration before that time if the CD4 cell count was !200 cells/ mm 3 at the time of vaccination and has subsequently increased to у200 cells/mm 3 with treatment. No available data support either revaccination recommendation. In the United States, no prospective study has been performed with HIV-infected persons to evaluate the efficacy of PV in preventing pneumococcal disease. Retrospective studies have suggested that vaccination is 49%-78% effective in protecting against invasive pneumococcal disease [22] [23] [24] [25] . Effectiveness seems to be higher for white patients [24] and for patients vaccinated at higher CD4 cell counts (у200 cells/mm 3 [21] or у500 cells/mm 3 [25] ). The only published prospective, placebo-controlled study of the efficacy of pneumococcal immunization in preventing pneumonia and pneumococcal disease was performed among Ugandan patients who were not receiving HAART, and the study yielded a surprising result of increased disease-related events (all-cause pneumonia and pneumococcal disease) among the vaccinated subjects in the first 6 months, although there were no differences between the groups after 6 months [26] .
The incidence of pneumococcal disease, which is reported to be as much as 100-fold higher among HIV-infected patients than among HIV-uninfected, age-matched control subjects [2] , seems to have decreased since the advent of the HAART era [13, 16, 17] . Case-control retrospective studies also have shown a protective effect of antiretroviral treatment, with HAART offering more protection than do regimens that do not contain PIs [25] . These observations suggest that HAART, in yet undefined way(s), enhances immune mechanisms involved in protection against pneumococcal disease. Because protection against pneumococcal disease is mediated largely by humoral responses, it seems reasonable to infer that HAART is positively affecting humoral responses to pneumococcal antigens.
In the absence of prospective studies with clinical end points, the evaluation of the efficacy of pneumococcal immunization practices among HIV-infected patients is determined on the basis of surrogate markers. These markers include specific anticapsular IgG levels [21] , qualitative characteristics of the IgG response [5, 11, 21, 27, 28] , functional characteristics of the IgG response [29] [30] [31] , and in vivo protective properties of the produced IgG [32] . Our study is limited to the quantification of pre-and postvaccination IgG levels to 6 different CPSs. We evaluated IgG responses to pneumococcal vaccine using 3 criteria: IgG levels, frequency of 2-fold increases, and conversion from negative to positive IgG levels (!0.5 to у0.5 mg/mL, respectively). We used all 3 criteria to maximize the detection of any potential benefit associated with vaccination and revaccination and from receipt versus no receipt of HAART among this group of HIV-infected patients. 3 , respectively. * , compared with prevaccination levels; ** , compared with prevaccination levels.
After vaccination, IgG levels to all serotypes tested increased significantly in the 3 vaccination groups. Except for a lower IgG level to CPS 3 in patients in the HAART first PV group, no differences in IgG levels among groups were noted to individual serotypes. The mean pre-to postvaccination increase was, however, significantly higher for patients in the no-HAART group than for those receiving HAART who underwent revaccination. In addition, patients in the no-HAART group were significantly more likely than were treated patients to have 2-fold responses. Our study also showed that a CD4 cell count of у200 cells/mm 3 at the time of vaccination, regardless of prior nadir CD4 cell count or treatment status, influences responsiveness to pneumococcal vaccination. Overall, patients with a CD4 cell count of у200 cells/mm 3 had significant post- 
NOTE.
A 2-fold response was defined as a 2-fold postvaccination increase over prevaccination IgG levels. For those patients with a negative ELISA result (!0.5 mg/mL) at baseline, a postvaccination level of у1 mg/mL was considered to be a 2-fold response. HAART first PV, HAART recipients who underwent their first pneumococcal vaccination; HAART re-PV, HAART recipients who underwent revaccination with pneumococcal vaccination; no-HAART first PV, patients who did not receive HAART who underwent their first vaccination with pneumococcal vaccination.
a Significantly more responses, compared with the combined HAART groups ( vaccination increases in IgG levels to more serotypes, a significantly higher frequency of 2-fold responses, and a nonsignificantly higher proportion of conversions from negative to positive IgG levels than did patients with a CD4 cell count of !200 cells/mm 3 . Only 1 study has shown a definitive impact of antiretrovirals on antibody response to PV; this study involved patients treated with zidovudine alone [6] . A recent study evaluating a conjugate vaccine, showed no impact of HAART on immune response [18] . Another recent study showed no impact of revaccination among HIV-infected patients compared with placebo, 50% of those patients were receiving HAART (mostly for !3 months) [19] . Our patients had received treatment for a prolonged course (the median duration was close to 2 and 3 years for the first-vaccination and revaccination groups, respectively). For those receiving vaccine for the first time or for those receiving revaccination, this prolonged course of HAART was not associated with better responses, compared with what was observed among those that never received HAART. Taking into account how much more immunosuppressed patients in the HAART group have been (on the basis of their nadir CD4 cell count), achieving a comparable response to those never on HAART may represent an improved response.
Among the revaccinated patients, postvaccination IgG levels correlated with CD4 cell count at the time of initial vaccination, suggesting that this characteristic and not receipt of HAART is a more important factor for response to revaccination among patients receiving HAART. The fact that CD4 cell count at the time of initial vaccination may impact responses suggests a role for reconstitution of memory cells rather than reconstitution of naive cells in the responsiveness to revaccination with pneumococcal antigens. However, our study was not designed to address this question. At least one-half of the patients receiving HAART who had a CD4 cell count of у200 cells/mm 3 had virus loads of !400 RNA copies/mL, compared with none of those in the no-HAART group for whom results were available; however, virus load had no impact on responses among patients who received HAART.
Prevaccination IgG levels were similar among all 3 of the main groups studied, but a trend for a higher proportion of prevaccination positive levels (у0.5 mg/mL) was observed among the revaccination patients, compared with the other patients receiving HAART. Some-but not all-studies that have examined the persistence of IgG levels after pneumococcal immunization concluded that IgG levels decrease more rapidly among HIV-infected patients; most of those studies were done before the HAART era [9, 11, 33] . The only published study to have evaluated revaccination after 5 years among HIVinfected subjects found that prevaccination IgG levels to 4 individual CPSs were not different between patients who were never vaccinated and the revaccination group; those patients had not been receiving long-term HAART. The level of IgG required for protection and whether detectable levels suffice to confer some degree of protection are not known. In serum samples obtained from otherwise healthy young adults, detectable levels of antibody consistently protected mice against pneumococcal bacteremia [32] . It is possible that HAART may contribute to the persistence of specific anticapsular IgG levels, even if at low level, and that it may offer protection against pneumococcal disease through this mechanism. A prospective long-term study will be required to evaluate the impact of HAART on the persistence of specific IgG levels after pneumococcal immunization.
In the evaluation of the impact of HAART on antibody re- , compared with prevaccination levels; ** , compared with prevaccination P ! .05 P ! .01 levels.
sponse, the makeup of the response also needs to be examined. Among HIV-uninfected subjects, the IgG produced in response to pneumococcal polysaccharides belongs predominantly to the immunoglobulin variable region gene family 3 (VH3). HIVinfected patients have reduced expression of VH3-positive antibodies to pneumococcal CPSs [27, 28] . This effect seems to revert with receipt of HAART and is independent from the quantitative IgG response, when compared with patients who are not receiving HAART [34] . In addition, among HIVinfected subjects, the opsonic capacity of specific anticapsular IgG seems to be impaired [29, 30] . Conjugate vaccine seems to improve this function [18] , compared with antibodies induced by polysaccharide vaccine. However, whether HAART has any effect on the opsonic activity of antibodies induced by vaccination with PV has not been specifically evaluated.
In the present study, patients with CD4 cell counts of у200 cells/mm 3 did better than did patients with CD4 cells counts of !200 cells/mm of vaccination for all patients with CD4 cell counts of у200 cells/mm 3 and for those in whom the CD4 cell count has increased to у200 cells/mm 3 with treatment. Guerrero et al. [23] found that, among vaccinated patients with a CD4 cell count of !100 cells/mm 3 , pneumococcal vaccination reduced the risk of subsequent pneumonia, although the degree of reduction was lower than that achieved by vaccinated patients with higher CD4 cell counts (у200 cells/mm 3 ). With the criteria we examined, patients with a CD4 cell count of !200 cells/mm 3 had modest but statistically significant responses to vaccination. These findings suggest that the evaluation of immunogenicity of pneumococcal vaccine based on IgG levels may have clinical correlation among HIV-infected patients.
On the basis of our results and those of others, the best approach appears to be to vaccinate HIV-infected patients early in the course of their HIV disease [7, 35] . The current CD4 cell count appears to be related to antibody response (there were better overall responses among patients with a CD4 cell count of у200 cells/mm 3 ) , and the impact of CD4 cell count at initial vaccination continues to be apparent at the time of revaccination. After initial vaccination and after revaccination, the immunogenicity of pneumococcal PV among HIV-infected patients receiving long-term HAART is modest, especially among patients with a CD4 cell count !200 cells/mm 3 . Whether quantitative or qualitative changes in antibody response induced by HAART have an impact on the efficacy of pneumococcal immunization still needs to be determined.
